INTRODUCTION {#sec1-1}
============

According to guidelines of National Cholesterol Education Program/Adult Treatment Panel III (NCEP/ATP III) Syndrome X or Metabolic syndrome (MetS) included having at least three of five following criteria: fasting blood sugar ≥110 mg/dl, TG ≥ 150 mg/dl, HDL-C \<40 mg/dl (males) or \<50 mg/dl (females), waist circumference \>102 cm (males) or \>88 cm (females), blood pressure ≥130/85 mmHg or using blood pressure-lowering medication.\[[@ref1][@ref2][@ref3]\]

The prevalence of MetS varies widely in different studies, and it is increasing in the United States. The Third National Health and Nutrition Examination Survey (NHANES III) estimated the prevalence of MetS in United States as 22% to 24%.\[[@ref4]\] However, Tehran glucose, lipid study reported the prevalence of MetS 30.1% among a population aged \>20 years\[[@ref5]\] Therefore, based on the diagnostic criteria ATP III the prevalence of MetS among adult Iranian population aged ≥20 years is more than most developed countries.\[[@ref6][@ref7]\]

MetS significantly predicts type 2 diabetes and cardiovascular disease.\[[@ref8]\] However, the most people with this syndrome have insulin resistance, type 2 diabetes, polycystic ovary syndrome, fatty liver, cholesterol gallstones, asthma, autoimmune diseases, sleep disturbances and some types of cancers.\[[@ref9][@ref10]\]

It is thought that various factors such as physical inactivity, aging, obesity especially (central), inappropriate diet influence the development of MetS and related diseases. Diet is an important determinant in developing of MetS.\[[@ref11][@ref12][@ref13][@ref14]\] But, dietary components are briefly studied and limited to few observational studies.\[[@ref7][@ref9][@ref15][@ref16]\]

Vitamin D deficiency is one of the most common health problems worldwide. Food sources of vitamin D are naturally limited. However, most of vitamin D which is needed comes from sunlight exposure.\[[@ref17]\] Serum 25-hydroxy vitamin D (25(OH) D), not 1,25 dihydroxy vitamin D {1, 25(OH) ~2~D)} is considered as a predictor determinant of sun exposure and dietary vitamin D.\[[@ref17][@ref18]\] It has been shown that sun exposure is a better predictor of 25(OH) D levels than dietary vitamin D.\[[@ref19]\]

Most studies have used serum 25(OH) D concentration as a marker of human vitamin D status.\[[@ref20][@ref21]\] There is no consensus on optimal levels of serum 25(OH) D measurement. A serum concentration of 25(OH) D \<20 ng/ml is considered as vitamin D deficiency and 20-30 ng/ml as vitamin D insufficiency and ≥30 ng/ml as vitamin D sufficiency status.\[[@ref22][@ref23]\]

Evidence about the relationship between vitamin D metabolism and incidence of diabetes is increasing. Vitamin D has a role in the secretion and action of insulin and likely modulates lipolysis and adiposity. Vitamin D might contribute to the development of the MetS.\[[@ref6]\]

Obesity is one of the predictors of MetS.\[[@ref24]\] Because of the increasing prevalence of obesity, MetS is common.\[[@ref8]\] Indicators of adiposity are important determinant of serum 25(OH) D level.\[[@ref25]\]

The significant link between hypovitaminosis D and adiposity has been widely reported.\[[@ref26][@ref27][@ref28][@ref29][@ref30][@ref31]\]

Increase in insulin concentration of the plasma suppresses the production of insulin-like growth factor binding protein-1 (IGFBP-1) which increases plasma-free insulin like growth factor-1 (IGF-1) concentration.\[[@ref32]\] Decreasing IGFBP-1 has been associated with insulin resistance, the MetS, and also several other risk factors.\[[@ref33]\] A number of cross-sectional studies have reported a strong and independent inverse relation between circulating IGF-1 concentrations and markers of MetS.\[[@ref34][@ref35]\] Low levels of IGFBPS have been associated with insulin resistance, the MetS, obesity, and with several cardiovascular risk factors.\[[@ref33][@ref36][@ref37][@ref38]\]

One study showed that, administration of recombinant human IGF-1 for diabetics by increasing insulin sensitivity could reduce insulin dose requirement by 50% and serum glucose levels by 23% while improves MetS components.\[[@ref39][@ref40][@ref41]\]

IGF-1 is a small peptide that structurally and functionally is similar to insulin and is an active form of IGFs. However, distinct roles of insulin and IGF-1 are difficult. Circulating IGF-I plays an important role in metabolic actions.\[[@ref42]\] It is thought that IGF-1 is a potent stimulant of glucose transport into cells.\[[@ref40][@ref43]\] Most of plasma IGFs are secreted from liver and are bound to specific Six Proteins, which regulate availability of free IGFs for uptaking by target tissues.\[[@ref44]\] IGFBPS modulates IGF-I activity.\[[@ref45]\] Some proteins, such as IGFBP-3 and IGFBP-2, are reservoir and may decrease the free form of IGF-1 concentration.\[[@ref46]\]

In spite of the increasing prevalence of MetS and vitamin D deficiency, in Iranian population especially in women, few studies have been undertaken. Therefore, it is important to clarify this relation and distinguish appropriate methods for we can remove problems. Assessment of relation between vitamin D status and IGF-1 with components of MetS in Western countries has been limited and in Iran no undertaken and findings are conflicting. On the other hand, studies of the association between vitamin D status and IGF-1 simultaneously with components MetS have not been examined.

Our hypothesis is that IGF-1 and vitamin D are related to components of MetS. Thus, it is important to find relations to clarify of the possible mechanisms that IGF-1 and vitamin D may act on components of MetS. Therefore, we assessed association of vitamin D status and IGF-1 concentrations with components of MetS among Iranian Women.

MATERIALS AND METHODS {#sec1-2}
=====================

In this cross-sectional study, 156 women of 28-76 years with MetS were enrolled by using consecutive random sampling. We used NCEP-ATP III criteria for MetS diagnosis. We excluded women whom consumed vitamin D and or calcium supplements, specific medications during past 3 to 4 months history of renal or hepatic disease, overt diabetes and malignancies. After filling demographic questionnaire and taking consent, fasting blood samples were collected for determining of serum fasting glucose (FBS), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C) and 25(OH) D, IGF-1 concentrations.

Laboratory measurement {#sec2-1}
----------------------

After a 12-h overnight fasting, blood samples were collected and serum was promptly separated by centrifugation and frozen (--20°C). FBS and TG concentrations were measured using the enzymatic colorimetric method. HDL-C was also measured after precipitation of the apolipoprotein B-containing lipoproteins with phosphotungstic acid. Commercial reagents used for the above-mentioned factors blood was Pars Azmoon, Iran.

Serum 25(OH) D and IGF-I concentrations were determined by radioimmunoassay ELISA (Euroimmune, Germany).

Assessment of dietary intake {#sec2-2}
----------------------------

Usual dietary intake was assessed using a validated 168-item semiquantitative food-frequency questionnaire (FFQ).\[[@ref47]\] FFQ evaluated dietary intake during a past year according to frequency of consumption daily, weekly and monthly. This questionnaire included a list of foods with standard exchanges. Portion sizes of consumed foods were converted to gram using household measures.\[[@ref48]\] Each food and beverage was then coded according to the prescribed protocol and analyzed for content of energy and the other nutrients using N4 nutritional software, which was designed for Iranian foods. All FFQs were administered by a trained dietitian.

Assessment of other variables {#sec2-3}
-----------------------------

Body weight was measured by Seca digital scale with light clothes and without shoes to the nearest 100 gram. Height was measured by nonstretch tape to the nearest 0.1 cm while not wearing shoes and the shoulders were in a normal position. Waist circumference was measured at the narrowest level between the lowest rib and the iliac crest using nonstretch tape while were at the end of a normal expiration. Body mass index (BMI) was calculated as weight (in kilograms) divided on the square of height (in meters).

Data on physical activity were obtained by an interview based on International Physical Activity Questionnaire and expressed as metabolic equivalent h/day (MET-h/day).\[[@ref49]\]

Duration exposure to sunlight in previous month was asked according to the demographic questionnaire that included: Less than 30 min/day, between 30 and 60 min/day, between 60 and 120 min/day and more than 120 min/day.

Blood pressure was measured two times using a mercury sphygmomanometer on the right hand in a sitting position with 15 minutes intervals. The mean of two measurements was recorded as blood pressure.

At the end, we calculated mean arterial blood pressure (MAP) is equal to ![](ABR-3-159-g001.jpg) Hypertension (HTN) was defined as systolic blood pressure ≥140 mmHg and diastolic blood pressure ≥90 mmHg.\[[@ref50]\]

Statistical analysis {#sec2-4}
--------------------

We analyzed all data by SPSS software version 16. To assess the relationship between 25(OH) D, IGF-1, dietary vitamin D with the MetS components we used univariate regression analyses. Partial correlation analysis was performed to evaluate the association between 25(OH) D, IGF-1, dietary vitamin D with the MetS components. All variables reported as Means ± SD and probability values are two-tailed and values below 0.05 were considered statistically significant.

RESULTS {#sec1-3}
=======

Total 156 women who participated in this study, had at least three of five specific MetS based on (NCEP/ATP III) definition. General characteristics, dietary intakes and laboratory features of study subjects are shown in [Table 1](#T1){ref-type="table"}.

###### 

Anthropometric, biochemical and diet characteristics of subjects

![](ABR-3-159-g002)

The mean of age was 46.1 ± 9.5 years and it was for serum 25(OH) D and IGF-1 concentrations 20.5 ± 10.8, 194 ± 47 ng/ml, respectively. Overall, %54.5 of women were vitamin D deficient and 23.7% of women were vitamin D insufficienct based on serum concentration of 25(OH) D.

Univariated-adjusted General Linear Model was used to assess the relation between predictor factors to MAP, FBS, WC, HDL-C and TG.

When predictor factors were entered together in this model, none of the predictors was significantly related to MAP and WC. However, levels of serum 25(OH) D was signifcantly related to FBS (*P* \< 0.001). We observed that 25(OH) D concentration was related to HDL-C (*P* = 0.03) and dietary vitamin D was related to triglyceride (*P* = 0.02).

NO significant relationship were observed between IGF1, 25(OH) D, dietary vitamin D. Also IGF1 was not associated with none of components of MetS \[[Table 2](#T2){ref-type="table"}\].

###### 

Results of fitting univariate models to predictor factors on FBS, MAP, WC, HDL-C and TG

![](ABR-3-159-g003)

Partial correlation analysis were used to evaluate the relationship of predictive factors with components of metabolic syndrome.

After adjusting for age, BMI, HDL-C, TG, physical activity, energy, FBS, MAP, The correlation (r) between WC and 25(OH) D was −0.05; *P* = 0.5 and IGF1 was −0.1; *P* = 0.1 and dietary vitamin D was −0.1; *P* = 0.1.

Correlation of 25(OH) D and TG was −0.03; *P* = 0.6 when we adjusted for age, FBS, WC, MAP, BMI, Physical activity, energy \[[Table 3](#T3){ref-type="table"}\].

###### 

Results of partial correlation to predictor factors on FBS and MAP, WC, TG and HDL-C

![](ABR-3-159-g004)

DISCUSSION {#sec1-4}
==========

In this study, our findings showed that levels of serum 25(OH) D and dietary vitamin D were directly related to HDL-C and TG levels, respectively. We also observed statically significant inverse relation between FBS and 25(OH) D levels. These relations were independent of confounders. We found no significant association between IGF-1 with components of MetS and vitamin D status. This study is the first report on the relationship between vitamin D status and IGF-1 with components of the MetS that were simultaneously examined in an Iranian population with MetS.

Growing evidence have shown that vitamin D likely plays a role in the development of MetS and DM2.\[[@ref6][@ref34]\] Similarly, serum levels of IGF-1 are also predictive of MetS. But, these associations are somewhat weaker than those observed for 25(OH) D.\[[@ref34]\]

In our study, we found a significant inverse association between FBS with 25(OH) D levels. Similar studies have shown an inverse association between serum vitamin D with levels of FBS. NHANES, the largest cross-sectional study up to now, show that hyperglycemia is independently associated with weak vitamin D status.\[[@ref6]\] A cross-sectional study in the 1958 British Birth Cohort showed that the association of 25(OH) D with serum glucose levels did not vary in obese compared with normal-weight individuals.\[[@ref18][@ref34][@ref51]\] One prospective study of 524 nondiabetic individuals reported inverse associations between baseline serum 25(OH) D and the incidence of hyperglycemia after 10 years of follow up.\[[@ref16]\] In a randomized placebo-controlled study, supplementation vitamin D and calcium led to a lower rise in glucose levels.\[[@ref52]\] However, no effect on FBS was observed in another randomized study.\[[@ref53]\] Inconsistent findings in different trials could be related to small sample size and short duration and lack of control for cofounding variables.

Our results are in agreement with observational evidence, primarily from cross sectional. It seems hypovitaminosis D through reduction insulin secretion, regulation of intracellular calcium and change in IGF-1 regulation is associated with higher fasting glucose levels.\[[@ref34][@ref53]\]

Several studies have examined the association of vitamin D status with lipid profile. With conflicting results\[[@ref34][@ref54][@ref55]\] we found statistically significant association between dietary vitamin D and serum TG levels.

In the current study, HDL-C levels after adjusting for age, FBS, WC, MAP, BMI, physical activity and total energy were directly associated with 25(OH) D. A cross-sectional study, in adult men and women, found that for each 10-ng/ml increment in 25(OH) D, HDL-C was increased 3.8 to 4.2 mg/dl.\[[@ref22]\] Also, Dobnig *et al*. reported similar results.\[[@ref22]\] However, there is little evidence for suggesting likely mechanism which vitamin D status could affect in development of dyslipidemia.

In this study, we found nonsignificant negative relationship between 25(OH) D and WC. Our result had similar trend to numerous studies although their findings showed significant relation. The difference about significance between our finding and similar studies may be attributed to our smaller sample size. According to studies, potential mechanisms included solubility of vitamin D in adipose tissue and slow bioavailability of vitamin D into the circulation, inadequate intake of vitamin D due to inactivity of obese subjects and less sun exposure.\[[@ref17]\]

Several studies have shown that vitamin D may regulate blood pressure by regulating the renin-angiotensin system and inhibits the renin mRNA expression.\[[@ref56][@ref57]\] But, most of results in this area are conflicted.

We found no significant relation between serum 25(OH) D and blood pressure. Similarly, Forouhi *et al*. in ELY Prospective study did not find association after 10 year follow up\[[@ref16]\] and pointed out that the association of blood markers of vitamin D with blood pressure is complex.

Our results are in contrast with some studies. The KEEP study in Korea found statistically significant inverse association between 25(OH) D and blood pressure.\[[@ref58]\] Also, Burgaz *et al*. in a meta-analysis reported the same.\[[@ref59]\] Scragg *et al*. in another study reported inverse association 25(OH) D with blood pressure.\[[@ref60]\] In these studies, significant relationships were attributed to using predicted vitamin D levels, self-reported hypertension and using repeated measures analysis. Thus, relationship between 25(OH) D and blood pressure without these cannot be significant.

The key role of calcium in the regulation of 25(OH) D for hypertension is advocated.\[[@ref61]\] As, a meta-analysis of 40 randomized controlled trials, calcium supplementation equal to 1 g/day significantly reduce blood pressure.\[[@ref40]\] Regard to in our study, mean intake of dietary calcium is much less than dietary recommendation intake (DRI). Therefore, it seems determination of serum calcium could help us for further explaining likely association of 25(OH) D with blood pressure.

With the exception of triglyceride, we no found relation between dietary vitamin D to markers of the MetS.\[[@ref56]\] Also, 25(OH) D is not related to dietary vitamin D. There is several explanations to these null results. One possible explanation is that there is no relation. Other explanations may be limited food sources of vitamin D, measurement error for dietary assessment of vitamin D by FFQ. However, it should be noted that compared with sunlight, dietary vitamin D is not a strong predictor of body vitamin D status.

In the present study, sun exposure was also not associated with levels of 25(OH) D. Similar finding by Sima Hashemipour *et al*. in a population of Tehran was reported.\[[@ref62]\] One hypothesis might be low precision of oral answers subjects about sun exposure period. Another hypothesis is type of clothing in Iranian women. Since, changes in the amount of sunlight in our study was limited thus as a related factor could not to be considered.

We did not find any association of serum IGF-I with vitamin D status and every component of the MetS. But we observed nonsignificant negative and positive relationship about IGF-1 with FBS and 25(OH) D, respectively, although their relation was not significant. According to a cross-sectional study\[[@ref34]\] and a prospective study\[[@ref16]\] IGF-1 is directly related to 25(OH) D until when 25(OH) D reached \~ 75-85 nmol/L. It was suggested that IGF-1 may change activation of vitamin D. Determination of effective factors of IGF-I levels such as circulating GH, insulin, IGFBPS, parathyroid hormone, calcium levels would be required for accurate assessing of IGF-I with 25(OH) D and component of the MetS. Also, identification of genetic polymorphisms could help to characterize IGF-I long-term production in tissues.

It should be noted that our study has the following limitations: Small sample size, only looking at females, no direct method of measuring sun exposure and therefore, random error due to design study, measurement errors associated with the assessment questionnaires and lack of control confounding despite adjustments in statistical methods. All of the above limitations may be effective to find associations between vitamin D status and IGF-1 with components of the MetS.

In conclusion, the findings of this study support relation of 25(OH) D to HDL-C and FBS. These associations are independent of confounding. But no relation was observed between IGF-I to 25(OH) D and components of the MetS. Therefore, to clarify and quantify the associations, further cohort investigations are warranted.
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